Objectives. Concurrent evaluation of data quality, internal consistency, test-retest reliability and validity of two patient-reported outcome measures (PROMs) for measuring functional impairment in hand OA (HOA); the Australian/Canadian Osteoarthritis Hand Index (AUSCAN; 15 items) and the Functional Index of HOA (FIHOA; 10 items).
Introduction
The prevalence of overall symptomatic hand OA (HOA) is considerable, and prevalence of radiographic HOA is reported up to 80% in the elderly population [1] [2] [3] . HOA has an important impact on quality of life in terms of pain, reduced joint mobility and grip strength, activity limitations and participation restrictions [4, 5] . Although new treatment options are under investigation [6] , there are currently no disease-modifying interventions available [7, 8] . Appropriate outcome measures, based on the patients' concerns, are necessary for the comprehensive evaluation of existing and new interventions in HOA [9, 10] .
The Outcome Measures in Rheumatology Clinical Trials and the Osteoarthritis Research Society International initiatives have recommended that functioning should be measured in patients with HOA, but there is no consensus on choice of instrument based on rigorous testing of their performance in trials or clinical practice [11] [12] [13] . It is recommended that a combination of generic and diseasespecific patient-reported outcome measures (PROMs) and performance-based tests are used to assess physical functioning in HOA [14] .
Several PROMs have been developed for assessing functioning in patients with rheumatic diseases [13] , i.e. the Australian/Canadian OA Hand Index (AUSCAN) [15, 16] the Functional Index of HOA (FIHOA) [17] , the Arthritis Impact Measurement Scale 2 (AIMS2) [18] , the Cochin scale [19] , the disabilities of the arm, shoulder and hand [20] , the Michigan Hand Outcomes Questionnaire [21] , the score for assessment and quantification of chronic rheumatic affections of the hands (SACRAH) [22] and the HAQ [23] . The AUSCAN and the FIHOA were chosen because they were developed specifically to assess hand function in HOA, and have shown evidence related to important criteria for evaluation of PROMs including data quality, reliability, validity and responsiveness [24] (supplementary Appendix 1, available as supplementary data at Rheumatology Online). They are both short instruments and hence have acceptability to patients and clinical feasibility but have undergone limited concurrent evaluation. The systematic review summarized in Appendix 1 found two studies that included some concurrent evaluation of the AUSCAN and the FIHOA. Scores for the two instruments correlated in the range 0.52-0.81 [16, 25] , both instruments could significantly discriminate between mild and symptomatic groups [25] and the AUSCAN was more responsive in patients re-uptaking NSAIDS [16] .
Further concurrent evaluation of the AUSCAN and the FIHOA is necessary to inform instrument selection for future studies focusing on functional aspects in HOA (Appendix 1). To inform, the aim of this study was to concurrently evaluate the AUSCAN and the FIHOA in the same sample of patients with HOA across a range of criteria that are important for the selection of PROMs: data quality, internal consistency, test-retest reliability and validity [24] .
Methods

Data collection
In 2009, patients from the Oslo HOA cohort [4] had a routine follow-up and 128 of these completed PROMs and performance measures. For purposes of assessing testretest reliability, 42 patients completed a second questionnaire at Week 1. All patients were diagnosed according to the ACR clinical criteria of HOA [1] and had no other rheumatic disease. The study was approved by the Norwegian Regional Committee for Medical Research Ethics and the Data Inspectorate, and all patients consented to participate.
PROMs-the AUSCAN and the FIHOA The AUSCAN comprises 15 items relating to hand stiffness (1 item), pain (5 items) and problems with performing activities (9 items) that are self-administered. This study used the five-point descriptive scale version of the AUSCAN with the response options: none, mild, moderate, severe and extreme [15] . Items are summed up to form total score and three subscales. The instrument has evidence for internal consistency and test-retest reliability, internal and external construct validity and responsiveness [16, 26, 27] (Appendix 1). The Norwegian version of the AUSCAN has undergone a forward-backward translation and has evidence for internal consistency and construct validity [28] , and responsiveness [29] in a Norwegian patient population but has not been assessed for test-retest reliability and internal validity. The AUSCAN can be reported with its three subscales, of as a total score summarizing all three subscales. In this article, both options are presented.
The FIHOA is a scale that comprises 10 items, and can be interview-or self-administered [17, 25] . The 10 items are rated in terms of difficulty on a four-point scale: 'possible without difficulty', 'possible with slight difficulty', 'possible with great difficulty' and 'impossible' [17] . The instrument has evidence for test-retest reliability, validity [17, 25] and responsiveness [30] . As part of this study, the FIHOA underwent a forward-backward translation that followed recommended procedures [24] and involved two native French-and Norwegian-speaking individuals. Discrepancies in the translations were resolved by consensus in order to achieve conceptual equivalence between the Norwegian and original French versions. The FIHOA group in France (E.M.) confirmed semantic equivalence of the back translation.
PROMs used for assessment of external construct validity AIMS2 is an arthritis-specific questionnaire where patients rate their problems on a five-point scale. Items are summed and transformed to give a score from 0 to 10 (10 = worst possible) for 12 scales, including 1 for hand and finger function consisting of 78 items [18] . HAQ is originally specific for RA and measures physical function comprising 20 items [23] and has response options ranging from 0 to 3 (3 = poorest functioning). In this study, the HAQ score within each of eight components was graded as 2 when use of technical devices or assistance was reported. The Short Form 36-item (SF-36) Health Survey is a widely used generic instrument that has eight health scales which contribute to two higher order health scales, the physical component summary (PCS) and mental component summary (MCS) scores, which have a mean (S.D.) of 50 (10) based on normative data from the general population [31] [32] [33] .
Performance-based measures Performance-based measures assess the ability to perform standardized tasks. Grip strength was measured by the JAMAR Hydraulic Hand Dynamometer with patients sitting with the shoulder in a neutral position and the elbow flexed at 90 [34] . Force recordings with the best performance out of two attempts for each hand were used [35] . The Moberg Picking Up Test (MPUT) assesses functional manual sensibility and coordination relevant to daily life [36] . The patient is asked to pick up 12 standardized small objects (e.g. a paper clip, a screw or a coin) and place them in a container. Each hand is assessed separately.
Statistical analysis
The individual items and scale scores of the AUSCAN and the FIHOA were assessed for missing data. Principal component analysis (PCA) [37] was used to assess the scale structure or internal construct validity of the AUSCAN and the FIHOA. The same components or scales found in previous research are necessary for the instruments to be considered internally valid for use in Norwegian patients [16, 26, 27] . Components with eigenvalues greater than one were considered potentially important.
Internal consistency was assessed using corrected itemtotal correlation and Cronbach's , which measure the strength for the association between individual items and the remainder of the scale, and the overall correlation between items within a scale, respectively. For adequate performance, values >0.4 and 0.7 are recommended for item-total correlation and Cronbach's , respectively [24, 38] .
The test-retest questionnaire included an HOA-specific transition question: Compared with your last visit a week ago, how is your HOA now? [24] . Patients whose HOA had not changed were included in the test-retest. Test-retest was assessed by weighted for single items, the intra-class correlation coefficient and smallest detectable difference (SDD) for assessing agreement for global scale scores. The -coefficients of 0.20-0.4, >0.4-0.6 and >0.6-0.8 are considered fair, moderate and substantial, respectively [39] . Intra-class correlations of 50.7 were considered sufficient at the scale level [24] . SDD was calculated as 1.96 Â S.D. of the difference between the scores. SDD should be exceeded for the clinician to be 95% confident that change exceeds the variability of measurement error.
External construct validity was assessed by correlating the AUSCAN and the FIHOA scale scores with scores of other PROMs and the performance tests. Correlations of 0.1-0.3, 0.31-0.5 and >0.5 were considered weak, moderate and strong, respectively [39] . It was hypothesized that the AUSCAN scores would have moderate to strong correlations to the FIHOA. Moderate levels of correlation <0.5 were expected with the SF-36 PCS and MCS scores, with stronger correlations for the former, and with the performance tests.
Results
Data collection
The whole patient group and the subsample for test-retest assessments had similar demographic characteristics and scores on PROMs and performance tests (Table 1) . Mean age for the whole patient group was 68.6 (S.D. 5.8) years and 91% were women. Mean disease duration (S.D.) was 17.6 (7.1) years, visual analogue scale (VAS) pain and fatigue were 41.7 (23. The AUSCAN and the FIHOA Missing data for items ranged from 0 to 3% for the AUSCAN and from 3 to 6% for the FIHOA ( Table 2 ). The AUSCAN items were approximately normally distributed with a mean (S.D.) of 1.7 (0.8). The FIHOA item means were mostly skewed towards better health with a mean (S.D.) of 0.93 (0.62). There were no missing data at the scale level for the AUSCAN, whereas 4% of scale scores were not computable for the FIHOA due to missing data. PCA identified one component for the FIHOA with satisfactory eigenvalues in the range 0.52-0.83 for all items (Table 2 ) and two components for the AUSCAN relating to pain and physical function. The AUSCAN stiffness item contributed to both components. Acceptance of a third component gave satisfactory eigenvalues for pain in the range 0.80-0.83; physical in the range 0.65-0.82; and a value of 0.62 for stiffness in the third component which, although being weaker, has content validity ( Table 2) .
Item-total correlations ranged from 0.71 to 0.91 and from 0.45 to 0.76 for the AUSCAN and the FIHOA, respectively ( Table 2 ). Cronbach's for the AUSCAN total scale and the AUSCAN subscales of physical function and pain were in the range 0.94-0.96. The FIHOA had a Cronbach's of 0.90. Table 2 also shows the results of test-retest reliability for the 40 patients reporting no change in their HOA at Week 1. Weighted -values for the AUSCAN and the FIHOA items were in the range 0.29-0.77 and 0.41-0.77, respectively. Intraclass correlation coefficient for the AUSCAN and the FIHOA scales were all >0.80 ( Table 2) . The SDD for the AUSCAN total score was 0.76 (AUSCAN pain subscale 1.06, stiffness subscale 1.14 and the physical subscale 0.80) and 5.55 for the FIHOA. Range of item total-correlations for sum scores.
External construct validity
The AUSCAN total score and the FIHOA were strongly correlated with each other r = 0.76 (Table 3 ). The AUSCAN scale scores had correlations in the range 0.58-0.88 with the FIHOA, and the correlations were strongest for the physical function scale. The correlations between these two total scores, the remaining PROMs and performance measures were generally moderate to strong and ranged from 0.08 to 0.80 for SF-36 MCS and the AIMS2 physical function, respectively (Table 3) . With the exceptions of the VAS pain and the grip strength and picking up test of the left hand, the correlations were somewhat stronger for the FIHOA than for the AUSCAN total score. The AUSCAN physical score, however, correlated slightly stronger than the FIHOA with the other PROM's, but the magnitude of these differences was small.
Discussion
The results from this study show that both the AUSCAN and the FIHOA are reliable and valid self-report instruments for measuring hand functioning in OA. As such, they are both suitable alongside other generic and disease-specific PROMs and performance measures for the comprehensive evaluation of patients with HOA.
In this Norwegian setting, both instruments had comparable evidence for data quality, internal consistency, test-retest reliability as well as internal and external construct validity. These results add to the findings from other studies from the literature (Appendix 1), which were not sufficient for determining the most appropriate instrument due to differences in design, methods and limited concurrent evaluation. Concurrent evaluation of instruments has been recommended when there is a lack of evidence for the comparative performance of two potentially appropriate instruments [33] .
Data quality in terms of levels of missing data and score distributions at the item level have not been systematically assessed by earlier studies, but is a criterion that has been recommended in the evaluation of PROMs [24, 33] . In this study, acceptability to patients was supported by the low levels of missing data, as the majority of items had five or fewer missing responses. There was evidence for a floor effect for the FIHOA items with mean scores between 0.53 and 1.32 on the four-point scale. Item scores were more normally distributed for the AUSCAN. Hence the AUSCAN response scale may have greater discriminatory power, which has potential implications for responsiveness to change. The AUSCAN was found to be more responsive in a comparative evaluation of the two instruments [16] (Appendix 1).
Both the instruments had adequate evidence for internal validity based on the findings of PCA. The instrument scales also had satisfactory internal consistency based on the results of item-total correlation and Cronbach's . However, the high levels of may indicate item redundancy, which should be further explored. In general, test-retest reliability was satisfactory for both instruments and similar to other studies [16, 17, 24] . 'Clench your fist' and 'accept a handshake' had lower component loadings than the other items of the FIHOA, which may suggest that these tasks relate to other aspects of function. The degree of clenching the fist is important in determining if it is problematic or not, such as level of pain during the handshake. The acceptation of a handshake could depend on other factors than a disability. However, at the item level, the FIHOA generally performed better than the AUSCAN. The low test-retest reliability for some of the items in the AUSCAN may be explained by the fact that few sinks have taps and doorknobs are seldom found in Norwegian homes that fastening jewellery may be mainly gender specific and, lastly, that people with HOA may often use both hands when carrying a pot. Item 7 within the FIHOA is gender specific and relates to sewing and using a screwdriver for females and males, respectively. Responses to this item are treated the same but with the low number of males in the present study meant that it was not possible to test if these two activities function in the same way psychometrically. The results of test-retest also show that for real change to occur beyond measurement error, the AUSCAN total scores must change >0.76 on the 0-4 scale and the FIHOA scores >5.55 on the 0-30 scale.
Strong correlations between the FIHOA and the AUSCAN total scores as well as the subscales pain, stiffness and physical function suggest that both instruments measure similar constructs. External construct validity based on the correlations with the other PROMs and performance measures was also comparable for both instruments. These results show that both instruments measure important aspects of health to patients with HOA. In general, slightly stronger correlations were found for the FIHOA with the other functioning measures than the AUSCAN total score; however, the AUSCAN physical subscale and the FIHOA had similar levels of correlation for the majority of the comparisons. This is the first study to concurrently assess the AUSCAN and the FIHOA in relation to such a broad range of criteria that are defined as important in the evaluation of PROMS: data quality, internal consistency, testretest reliability, and internal and external construct validity [24, 38] . It is important to examine instruments concurrently to validate findings of psychometric properties for other settings than they were developed. In summary, both instruments are suitable for application at the group level. The instruments differ in their content with respect to the domain that they address, and this should be considered in relation to specific applications including clinical trials and epidemiological studies. Both the AUSCAN and the FIHOA assess physical function. The AUSCAN has two additional scales relating to pain and stiffness, and may be preferable where pain is a key outcome. The brevity of the FIHOA makes it potentially more acceptable to patients. The FIHOA had higher test-retest reliability, but performed slightly poorer than the AUSCAN in tests of data quality and external construct validity. Findings from our study are limited by having been conducted at one hospital in one cohort and the results may not be extrapolated to other patient populations with HOA. Strengths are that we compared both the AUSCAN and the FIHOA not only concurrently but also validated them against other PROMs and tests of physical performance, which increases external validity of the findings.
In summary, both questionnaires met accepted standards for data quality, reliability and validity. Further comparisons of the AUSCAN and the FIHOA with respect to responsiveness in randomized controlled trials should be performed. The possibility of item redundancy should be further assessed for both instruments. Finally, the appropriateness of the AUSCAN and the FIHOA should be evaluated in the different subtypes of OA.
Rheumatology key messages
. The AUSCAN and the FIHOA are both reliable and valid for measuring physical functioning in HOA. . The FIHOA has higher test-retest reliability and is shorter. . The AUSCAN performs slightly better concerning data quality and construct validity. Analysis of variance and pair-wise comparisons showed significant differences between patients with active OA, inactive OA and controls for FIHOA scores (P < 0.001).
Multivariate analysis of variance showed significant differences between patients with active OA, inactive OA and controls for all 10 items (P < 
